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the answers are, isolation of these acidic proteins in the been found in all eukaryotes, and the emerging view is
that they play particular roles in specific regions of thecontext of diverse but physiologically important chro-
genome. For instance, it’s now known that one specificmatin-based processes places them at the forefront of
variant of histone H3 replaces the canonical histone H3biomedical research.
at centromeres (this is true from yeast to man). In highly
transcribed regions of Drosophila chromatin, the canon-Debabrata Chakravarti and Rui Hong
ical histone H3 can be replaced by another variant his-Department of Pharmacology
tone (H3.3) through a replication-independent mecha-University of Pennsylvania School of Medicine
nism (Ahmad and Henikoff, 2002). Variants of histonePhiladelphia, Pennsylvania 19104
H2A also play locus-specific roles; H2A.X is localized
to sites of DNA damage, and macroH2A is localized toSelected Reading
the inactive X chromosome in mammals.
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histone variant in transcription. However, not until stud-
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iae were initiated was it possible to develop a moreFan, Z., Beresford, P.J., Zhang, D., Xu, Z., Novina, C.D., Yoshida, A.,
mechanistic understanding of how this histone variantPommier, Y., and Lieberman, J. (2003b). Nat. Immunol. 4, 145–153.
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tional regulation, but these drew opposite conclusions299, 223–226.
about its role. Consistent with a role in transcriptionalNagata, K., Kawase, H., Handa, H., Yano, K., Yamasaki, M., Ishimi,
Y., Okuda, A., Kikuchi, A., and Matsumoto, K. (1995). Proc. Natl. activation, deletion of the HTZ1 gene compromised acti-
Acad. Sci. USA 92, 4279–4283. vation of specific inducible genes, such as PHO5 and
Orre, R.S., Cotter, M.A., 2nd, Subramanian, C., and Robertson, E.S. GAL1 (Santisteban et al., 2000). The defect was further
(2001). J. Biol. Chem. 276, 1794–1799. exacerbated when combined with a mutation in one
Seo, S.B., McNamara, P., Heo, S., Turner, A., Lane, W.S., and Chak- of the SWI/SNF chromatin remodeling complex genes
ravarti, D. (2001). Cell 104, 119–130. (SWI/SNF is required for gene activation of a number of
Vaesen, M., Barnikol-Watanabe, S., Gotz, H., Awni, L.A., Cole, T., genes). Furthermore, Htz1 protein (H2A.Z) was found
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Chem. 375, 113–126.
precipitation (ChIP). This suggests that H2A is replaced
by H2A.Z, at least in a subset of the nucleosomes, to
facilitate transcription (Santisteban et al., 2000). How-
ever, in a different study, HTZ1 was also shown to be
important for gene repression at the silent mating typeThe Histone Minority Report: locus HMR and at telomeres (Dhillon and Kamakaka,
2000), suggesting that H2A.Z may be involved in thethe Variant Shall Not Be Silenced
structure of silent chromatin (the functional equivalent
of heterochromatin). These apparently contradictory
findings left a quandary as to how H2A.Z might function
In this issue of Cell, Meneghini et al. demonstrate that in budding yeast. Fortunately, in this issue of Cell, Men-
replacement of canonical histone H2A with the histone eghini et al. (2003) provide some clarification.
variant H2A.Z within euchromatin prevents silent chro- Utilizing whole genome microarray analysis, Mene-
matin proteins from migrating into regions of the chro- ghini et al. (2003) identified about two hundred genes
mosome that normally are transcriptionally active. in yeast that require H2A.Z for full expression, support-
Thus, this highly conserved histone variant is critical ing the role of H2A.Z in active transcription. Moreover,
for defining chromatin domains. ChIP analysis showed that H2A.Z is common within ac-
tively transcribed regions of the genome but that little
Over 25 years ago, the nucleosome was described as or none of it localizes to silent chromatin (see Figure).
the fundamental building block of the eukaryotic chro- About eighty of the two hundred H2A.Z-activated genes
mosome. Yet at the same time, it was also appreciated were found to occur in clusters and reside in close prox-
that all nucleosomes were not created equal. An abun- imity to the silent chromatin domains of telomeres and
dance of regulated histone modifications provides one HMR. This finding begged the question: is silent chroma-
means of distinguishing nucleosomes. But those in the tin spreading over these clusters and thus responsible
field long suspected that nucleosomes could be distin- for the reduced gene expression in the absence of
guished in other ways as well. Specifically, some cells H2A.Z? The answer appears to be “yes” (see Figure).
contain alternative versions of the four canonical core Deletion of the SIR2 gene, which results in loss of silent
histones (H2A, H2B, H3, and H4). These histone variants, chromatin in yeast, in these strains restores expression
as they came to be called, differ at the primary sequence levels to about half of the HTZ1-dependent genes near
silent chromatin and even some of the HTZ1-dependentlevel from their canonical relatives. Variant histones have
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H2A.Z Keeps Euchromatin Open and Pre-
vents Spreading of Silent Chromatin
(A) Nucleosomes (circles) containing H2A.Z
(red star) are predominantly found in euchro-
matin where they help to keep chromatin in
a conformation poised for transcription, indi-
cated by a thick dashed arrow. The thin
dashed arrow indicates lower-level transcrip-
tion in the htz1 strain.
(B) Loss of H2A.Z in yeast leads to spreading
of silencing proteins (blue tricorn) from silent
domains into the euchromatic flanking re-
gions. As a consequence, some of the genes
within these flanks become (at least partially)
silenced (thin dashed arrow). Another conse-
quence of the ectopic spreading is that the
silencing proteins are titrated away from their
normal location. This in turn leads to expres-
sion from within the domain that would ordi-
narily be silenced.
genes not in proximity to silent chromatin. Furthermore, The findings of Meneghini et al. (2003) raise a new set
of questions about H2A.Z. How does H2A.Z preventin the absence of H2A.Z, the silencing proteins Sir2p
silencing? It is likely that the known structural differ-and Sir3p are no longer limited to HMR and telomeric
ences between H2A.Z- and canonical H2A-containingsilent loci but are found outside their normal domains,
nucleosomes somehow prevent silent chromatin fromsuch as in the regions flanking HMR where genes are
forming (Fan et al., 2002; Suto et al., 2000), but H2A.Znormally expressed. Such spreading of the SIR complex
is estimated to be at only 10% of the level of H2A. So,outside its normal boundaries is accompanied by a re-
is H2A.Z localized to specific regions of the genome, or isduction in histone acetylation and histone methylation,
it distributed randomly throughout euchromatin? If theadditional hallmarks that the H2A.Z-dependent genes
latter is true, does H2A.Z’s periodic localization in abecame “heterochromatinized” in the absence of H2A.Z.
nucleosomal array act as a “poison” subunit to preventIn its role to facilitate transcription of individual genes,
silent chromatin from fully assembling?H2A.Z may act, at least in part, by preventing silencing
Irrespective of where it resides, is H2A.Z depositedproteins from binding to euchromatin. A consequence of
like canonical H2A in S phase, or is it deposited like H3.3this action is that H2A.Z helps to define silent chromatin
in Drosophila by a replication-independent pathway?domains and to keep the silent domains at “full
Recent studies suggest that the H2A-H2B dimers in thestrength.” In the absence of H2A.Z, silencing proteins
nucleosome may be removed and reassembled by tran-have the opportunity to spread into neighboring se-
scription elongation factors during RNA polymerasequences (and may possibly bind to other permissive
passage (Formosa et al., 2002). This may provide thesites in the genome), interfering with normal expression.
opportunity to replace canonical H2A with the variantHowever, because the silencing proteins are in limiting
H2A.Z. If such a replacement occurs, does it require asupply within the nucleus, when silencing proteins bind
particular chromatin remodeling machinery?promiscuously elsewhere in the genome, they are ti-
How widespread is the H2A.Z effect on chromatin?trated away from the silent loci where they normally
For instance, only about 40% (80/200) of the genes re-reside (see Figure). Thus, the once “silent” loci become
pressed in an htz1 mutant are repressed by Sir-medi-transcriptionally active. This titration effect explains why
ated silencing. What other repression mechanisms areearlier studies found that HTZ1 is important for silencing
held at bay by the presence of H2A.Z? We also must(Dhillon and Kamakaka, 2000).
consider that H2A.Z may do more than just keep chro-HTZ1 is the third example in which a change in nucleo-
matin open, facilitate transcription, and prevent promis-somes located within euchromatin acts to keep silent
cuous binding of silencing proteins, because H2A.Z ischromatin proteins in their proper place. Mutations that
also required for repression of about one hundred eu-alleviate acetylation of lysine 16 on histone H4 by the
chromatic genes scattered throughout the genome.Sas2p acetyltransferase or methylation of lysine 79 on
Meneghini et al. (2003) do not as yet provide an explana-histone H3 by the Dot1p histone methyltransferase have
tion for these observations.silencing defects at telomeres and HM loci (Kimura et
These new findings about H2A.Z cause us to recon-al., 2002; Suka et al., 2002; van Leeuwen et al., 2002).
sider simple recruitment models for defining chromatinJust as with H2A.Z, both of these posttranslational modi-
domains, as it appears that preventing promiscuity isfications are found within transcriptionally active chro-
also critical for defining overall chromosome organiza-matin but are absent from silent loci. When SAS2 or
tion. Clearly, we have much to learn about how thisDOT1 is mutated, silencing proteins bind promiscuously
balance is attained.elsewhere in the genome at the expense of the normally
silenced loci. Interestingly, Meneghini et al. (2003) men-
tion as “data not shown” that sas2 and htz1 mutant Fred van Leeuwen and Daniel E. Gottschling
strains have nearly identical transcriptional profiles, sug- Division of Basic Sciences
gesting that acetylation of lysine 16 on histone H4 and Fred Hutchinson Cancer Research Center
H2A.Z may act in the same pathway to prevent promis- 1100 Fairview Avenue N
Seattle, Washington 98109cuous silencing.
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